In the past two decades the world experienced an exceptional number of unprecedented 8 extreme weather events, some causing major human suffering and economic damage, such as the 
with pressure gradients in the atmosphere, within 2-3 days or less (<6h) [3, 4, 5, 6, 1, 7, 8, 9 ]. In the 48 last two decades, great emphasis has been given to the solar cycle climate trends of cloudy, 49 stratospheric changes, polar temperatures and winds, as well as the sea and surface temperatures.
50
Most of these meteorological variations have been discussed in terms of solar irradiance as a stimuli, 51 but recently it suggested that energetic particle forcing driving dynamical changes in the atmosphere 52 are as intense as those arising from the solar irradiance variations [10] . In these studies, the solar 53 particles were considered to affect the atmosphere via a slow process of catalytic ozone destruction. 
63
In a previous study we suggested that solar and magnetospheric particle events are consistent 64 with a cause of the extreme atmospheric weather events all over the globe, and in particular, the 65 historic March 2012 heat wave in East USA/Canada [4] . [4] noted that a great CME (March 7, 2012) 66 and a related geomagnetic superstorm were followed by various extreme phenomena as high 67 temperatures, intense rainfalls and ice extent at middle and high latitudes were recorded all over the 68 globe (USA, Europe, Australia, Antarctic), while unusual measurements of various atmospheric and 69 ionospheric quantities were observed by a series of satellites (TIMED, MODIS, NOAA etc.).
70
Therefore the question is: What are the primary physical processes that make an event extreme?
71
Is it possible for the Solar Energetic Particle (SEP) to provoke extreme weather events, like heat 72 waves? By which mechanism? Addressing this question is crucial to understanding the causes of 73 extreme events and to assess potential predictability. The answers are important for providing early 74 warning of extreme weather events.
75
In this paper we extend the case study by [4] 
85

Data
86
In order to check the possible link between the high solar activity and atmospheric extreme events,
87
we selected time periods with SEP events related with strong storms / superstorms. For the selection 88 of very strong geomagnetic storms we demanded geomagnetic Dst index values as low as Dst ≤ −150nT,
89
and we examined the period from the beginning of the ACE mission (1997) until May 2015. Such large
90
(Dst ≤ −150nT) storms are known to be caused by strong ICMEs [11] . By using a catalogue of CMEs
91
[http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm], we found only 28 SEP events 92 meeting the above criterion for large (Dst ≤ −150nT) related geomagnetic storms within about 18 years 93 of ACE records and we made a full analysis for 26 events, due to a data gap of 2 events (Table 1; Events 3 of 15 #6 & #22, which were put in brackets). Ιt is noted that, agreement with previous results [11] the majority 95 of the large ICME-induced storms were recorded during the maximum phases of solar cycles 23 and 24
96
(18 out of the total of 28 events).
97
Then we investigated the possible correlation of the SEP events observed by ACE with various 98 atmospheric parameters (temperature, wind, precipitation), around the times of the CME-related 99 storms. In some cases we checked the status of the atmospheric environment with data from MODIS 
116
In the next section we provide measurements from the channels P΄2 (ions), P8 (ions) DE1
117
(electrons) from the LEMS120, LEFS150 and LEMS30 telescopes of the EPAM instrument, 
126
Ground data of atmospheric temperature, precipitation and wind direction were obtained from 127 the WeatherOnline site (http://www.weatheronline.co.uk/weather/).
129
Data analysis
130
The set of 26 time intervals with the largest (Dst ≤ −150nT) CME-induced geomagnetic storms 
138
March 2012, the SEP events were related with global atmospheric weather extremes.
139
In 
161
By comparing the profiles of the ACE energetic particle flux profiles (panel c) with the profile of 162 temperature TM (panel a) we see a gradual increase of both P8 flux and TM values from day 6 until 163 day 16 (the day before the CME arrival), and a decrease of both TM and P8 from 17 to 28 March, 2015.
164
It is pointed out that the temperature TM increased from -9 0 C to 23 0 C, i.e. a total increase ΔTM= 32 0 C, 
201
In Figure 2 we present the estimates of the cross-correlation coefficients between the logarithm 202 of the P8 proton flux values and the temperature TM from day 6 until 16 ( 
223
The most important common feature of the great CME-SEP events in December 2006 and 
238
It worth noting that this difference in the TM variation under a different pre-event temperature level
239
("summer" -"winter" asymmetry) was found to be a characteristic statistical significant result in the 240 sample of 26 events examined, as we will see in the next subsection 2.3. 
260
suggests that the maximum temperature TM coincides with or follows the day of solar proton maximum.
262
In Figure 5 we present scatter plots of the total temperature increases ∆TM versus the time b we infer the absence of a significant correlation between ∆TM and ∆τ during the "summer times".
269
Furthermore, from a comparison of the data in panels a and b, we infer that the SEP events examined 270 are related with lower temperature increases ∆TM in "summer" times (panel b) than in "winter" times.
271
This finding is a reasonable result for an external stimuli of the atmospheric circulation.
272
When all of the 26 events are considered (panel c) a significant correlation was also found 273 between ∆TM -∆τ (r = 0.5, p<0.01).
274
The statistical results of Figure 4 
and 5, that is the occurrence of high temperatures in Madison
275
TM after the maximum flux of CME-related high energy protons P8 and the very strong and 276 significant correlation between TM and P8 during "winter times" suggest that most probably there 277 exists some physical causality between SEP events and atmospheric weather in North-East USA
278
(Madison / Wisconsin).
280
9 of 15 281 282 
286
SEP events and global atmospheric extremes (March 2012)
287
From the previous analysis of space and meteorological events during times of 26 selected 288 ICME-related SEP events (1997-2015) we inferred a correlation between the strong ICME-related solar 289 energetic (>~2-5 MeV) proton fluxes and the temperature increases in north-east USA (Madison,
290
Wisconsin) during "winter" times. Other atmospheric anomalies were also found to follow the SEP 291 events over the globe, but here we only make a short reference to the extreme weather event in South-
292
East Europe following the March 2012 CME.
293
Here we concentrate on the comparison of CME-related SEP event observed by ACE with the 
336
The temperature TM remained at high levels of ~26-28 0 C for ~7 days, until day 21, under air 337 streams from the southward direction, and then started to decrease; it is pointed out that the TM 338 increased from -2 0 C to 28 0 C, that is ΔTM = 30 0 C, within 10 days (6-16.3.2012). This huge temperature 339 variation in Madison reflects a general temperature increase over large regions of North-East
340
America, and is known as an "historic heat wave", which brought the summer in winter times.
341
On the contrary, in Figure 6 -right side we see a general anticorrelation between the P8 high 
363
The influence of space weather on the Earth's atmospheric weather and climate is an important 364 scientific issue with great social interest. Ιn the past two decades we saw an exceptional number of 365 unprecedented extreme weather events, which caused major human suffering and economic damage.
366
Understanding the causes of extreme weather is of great importance to assess potential predictability 367 and provide early warning.
368
In the last two decades, great emphasis has been given to long term space (solar cycle) dependent 
375
In particular we found that: (a) during a time period of 15 days (day=-7 to day=+7) centered at 
386
(r = 0.9, p <0.001).
387
From the above results we infer that the SEP events preceding the great ICME-related 26 great 
466
The present work generalizes the results presented in [23, 24] . 
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